To evaluate the metabolic differences between Atlantic salmon (Salmo salar) parr and smolts and the effect of rearing environment, we examined metabolic enzyme activity in white muscle, liver, and heart in stream-and hatcheryreared juveniles. Spring increases in gill Na + ,K + -ATPase (3.5-fold) and cardiosomatic index (37-69%) and decreases in condition factor (~17%) occurred in smolts, but not in parr. White muscle phosphofructokinase (PFK) increased during spring and was 3.6-fold higher in smolts than in parr by late spring. There were seasonal increases in liver citrate synthase (CS) (~42%), liver b -hydroxyacyl-coenzyme A dehydrogenase (HOAD) (~60%), and heart CS (~23%) and decreases in liver lactate dehydrogenase (LDH) (~28%) in parr and smolts. Activity of liver HOAD was greater in stream-reared smolts (~18%) than in parr or hatchery smolts. Heart PFK activity increased during spring in wild-reared parr and smolts, while it decreased in hatchery-reared smolts. White muscle LDH and PFK increased earlier in spring in hatchery-than in stream-reared smolts. Our results suggest that increased heart size and high white muscle PFK occur during smolting and may be adaptive for downstream and ocean migration. Hatchery-and stream-reared Atlantic salmon differ in the timing of metabolic changes during smolting, which may impact their long-term survival.
Introduction
Alteration of metabolism during the parr-smolt transformation has been found in several salmonid species. In Atlantic salmon (Salmo salar), standard and active metabolic rates are 50% higher in smolts than in parr (Maxime et al. 1989) . Maxime et al. (1989) suggested that this elevation of metabolic rate in smolts might be due to elevated respiratory enzyme activity and mitochondrial proliferation resulting from an increase in thyroid hormone levels. Metabolism may also increase due to the metabolic demands of development and differentiation (McCormick and Saunders 1987) . Atlantic salmon smolts have decreased available liver and muscle glycogen compared with parr (Fontaine and Hatey 1953; Wendt and Saunders 1973) as well as elevated levels of blood glucose (Wendt and Saunders 1973) . In coho salmon (Oncorhynchus kisutch) smolts, decreased glycogen is caused by a combination of decreased glycogen synthesis and increased glycogenolysis in the liver (Sheridan et al. 1985) . Lipid metabolism is also altered during the parr-smolt transformation such that total body and muscle lipid decreases in smolts Henderson 1970, 1978) . Evidence from chinook (Oncorhynchus tshawytscha) (Cowley et al. 1994) and coho salmon (Sheridan et al. 1985; Sheridan 1986 ) indicates that lipid depletion is caused by increased lipolysis and decreased fatty acid synthesis. There is also some evidence that there is a reorganization of amino acid distribution during smoltification; however, there was no net change in the total amino acid content of smolts (Fontaine and Marchelidon 1971) . It has been suggested that this reorganization is linked to guanine and hypoxanthine deposition in the skin and scales (smolt silvering, Fontaine and Marchelidon 1971) as well as possible changes in cellular osmoregulatory gradients (McCormick and Saunders 1987) . There is also evidence that there is an elevation of activity of respiratory enzymes in the gill (Chernitsky and Shterman 1981; Langdon and Thorpe 1985; McCormick and Saunders 1987) and liver (Blake et al. 1984) of Atlantic salmon smolts.
The work described above concentrated on laboratory studies using hatchery-reared fish as experimental animals. While it is likely that these changes also occur in the wild, it is unknown if there are substantial differences in smoltassociated metabolic changes between hatchery-reared and stream-reared salmon. Possible differences in smolt development due to rearing environment are of particular interest due to the usually poor return rates of hatchery fish compared with wild fish (briefly reviewed by McCormick et al. 1998) . Recently, there has also been an increased use of fry rather than smolt releases to restore depleted salmonid stocks (e.g., Rideout and Stolte 1988) , and there is little knowledge of smolt development in salmonids released as fry.
Evidence suggests that there are substantial differences in development that occur between salmon reared in the hatchery environment and salmon reared in the wild. Brauner et al. (1994) demonstrated an effect of rearing environment on the swimming ability of coho salmon smolts. McDonald et al. (1998) also showed an effect of rearing habitat on swimming capacity in Atlantic salmon juveniles that was difficult to overcome even in modified hatchery rearing environments. Shrimpton and co-workers found significant differences in cortisol dynamics, including receptor level differences and circulating hormone concentrations, between stream-and hatchery-reared coho salmon smolts (Shrimpton et al. 1994a (Shrimpton et al. , 1994b , while McCormick and Bjornsson (1994) found differences in thyroid hormone and growth hormone profiles between hatchery-and wild-reared Atlantic salmon juveniles.
We are interested in further examining the physiological differences between fish that undergo smoltification in the wild and those that smolt in a hatchery environment in an effort to understand the underlying basis for potential differences in survival of smolts reared in hatcheries and in the wild. In this study, we focus on differences in the capacity of metabolic enzymes between parr and smolts (as determined by Na + ,K + ATPase activity) and the impact of rearing environment on these developmental changes. Specifically, we have focused on several enzymes critical to glycolysis (phosphofructokinase (PFK)), fatty acid metabolism (bhydroxyacyl-coenzyme A dehydrogenase (HOAD)), aerobic metabolism (citrate synthase (CS)), and lactate regulation (lactate dehydrogenase (LDH)).
Materials and methods

Fish
Stream-reared Atlantic salmon were collected by electrofishing in West Salmon Brook, Connecticut, on March 15 (3.0°C), April 5 (5.0°C), and June 2 (14.5°C, parr only), 1994. There is no natural reproduction above any mainstem dam in the Connecticut River, and since all smolt releases occur in the mainstem of the river, stream-reared fish were easily identified. Migrating stream-reared smolts were captured at downstream bypass structures at hydroelectric facilities on the Farmington River (15 km downstream of West Salmon Brook) on May 20 and 25 and at Cabot Station on the Connecticut River on May 11 and 20. The size distributions in March and April showed a clear distinction between 1-year-old parr and 2-year-old smolts. One-year-old fish from the White River National Fish Hatchery (Bethel, Vt.) were sampled on March 21 (2.8°C), April 6 (3.0°C), and May 11 (11.9°C). Those captured on May 11 had been released from the hatchery on April 14 and subsequently captured at Cabot Station and thus were active migrants. Hatchery-reared smolts were easily distinguished because all fish released from the hatchery as smolts are adipose fin clipped. Due to the natural temperature changes occurring over the period of the study, fish could not be sampled at the same temperature. While this has the potential to confound our results, it was unavoidable in a field-based study. It should be emphasized that seasonal effects found in this study may well include the effect of temperature on the juvenile salmon, along with other seasonally linked parameters such as photoperiod or increasing wild food availability; however, since all groups were experiencing similar temperatures over the period of sampling, rearing effects (between groups) are unlikely to be a function of temperature per se.
Sampling
Captured fish were anaesthetized with 100 mg·L -1 tricaine methansulfonate (MS-222, pH 7.0). Fish were measured for mass and fork length and then bled from the caudal vessels. The heart was removed by cutting posterior to the bulbus arteriosus and anterior to the sinus venosus. The heart was then blotted dry to remove internal blood, weighed, and frozen immediately on dry ice. The liver was also removed, weighed, and frozen. A sample of white muscle was excised from the left side of the fish dorsal to the midline, anterior to the dorsal fin, weighed, and frozen. A gill biopsy was taken from the second gill arch. Approximately three to five gill filaments were cut above the septa and placed in 100 m L of SEI buffer (150 mM sucrose, 10 mM EDTA, 50 mM imidazole, pH 7.3) and frozen. All samples were then returned to the laboratory where they were stored at -80°C for later assay.
Enzyme assays
We measured four metabolic enzymes in heart, liver, and white muscle: CS (Guderley et al. 1986; McCormick et al. 1989) , HOAD (Bradshaw and Noyes 1975; Guderley and Gawlicka 1992) , PFK (Ling et al. 1966; Guderley and Gawlicka 1992) , and LDH (Vassault 1983; Guderley and Gawlicka 1992) . Samples were homogenized in a buffer containing 50 mM imidazole, 2 mM EDTA, 5 mM MgCl 2 , and 1 mM glutathione at pH 7.5. Tissues were homogenized using a ground glass homogenizer in 20 volumes of ice-cold homogenization buffer. Homogenates were then centri-fuged at 3000 × g for 5 min and the supernatant was immediately assayed kinetically at 25°C in 96-well microplates using the following specific conditions. CS (EC 4.1.3.7): 50mM Tris, 0.78 mM 5,5¢-dithiobis-(2-nitrobenzoic acid), 0.17 mM acetyl coenzyme A, 0.57 mM oxaloacetic acid (omitted for control), pH 8.1. Read at 412 nm.
PFK (EC 2.7.1.1): 75 mM Tris-HCl, 200 mM KCl, 6 mM MgCl 2 , 1 mM KCN, 2 mM AMP, 1.75 mM ATP, 0.16 mM NADH, 4 units of triose phosphate isomerase, 4 units of 3-phosphoglycerol dehydrogenase, 4 units of aldolase, 5 mM fructose-6-phosphate (omited for control), pH 8.0. Read at 340 nm.
LDH (EC 1.1.1.27): 100 mM potassium phosphate, 0.4 mM pyruvate, 0.16 mM NADH, pH 7.0. Read at 340 nm. This assay was routinely run without control, since preliminary experiments showed extremely low activity (<2% of total) in the absence of substrate (pyruvate) in all tissues.
HOAD (EC 1.1.1.35): 100 mM triethanolamine HCl, 5 mM EDTA, 1 mM KCN, 0.23 NADH, 0.15 acetoacetyl coenzyme A (omitted for control), pH 7.0. Read at 340 nm.
All metabolic enzyme assays were run in duplicate and the activities expressed in international units (i.e., micromoles of substrate transformed to product per minute per gram wet mass tissue.
Gill Na + ,K + -ATPase (EC 3.6.1.3): Na + ,K + -ATPase activity was determined with a kinetic assay run in 96-well microplates at 25°C and read at a wavelength of 340 nm for 10 min (McCormick 1994) . Gill tissue was homogenized in 125 m L of SEID (SEI buffer and 0.1% deoxycholic acid) and centrifuged at 5000 × g for 30 s. Ten-microlitre samples were run in two sets of duplicates: one set containing assay mixture and the other assay mixture and 0.5 mM ouabain. The resulting ouabain-sensitive ATPase activity is expressed as micromoles of ADP per milligram of protein per hour. Protein concentrations were determined using the BCA (bicinchoninic acid) protein assay (Pierce, Rockford, Ill.).
Statistics and calculations
Cardiosomatic index (CSI) was calculated as (heart mass·total mass -1 ) × 100. Hepatosomatic index (HSI) was calculated as (liver mass·total mass -1 ) × 100. Condition factor was calculated as (total mass·length -3 ) × 100. Length, weight, CSI, HSI, Na + ,K + -ATPase, and condition factor data were analyzed using analysis of variance (ANOVA) and analysis of covariance (ANCOVA) with length as a cofactor. All metabolic enzyme data were also analyzed using multivariate analysis of variance (MANOVA) followed by post hoc testing using ANOVA. Further post hoc testing of all ANOVA results used the least square means general linear models procedure after testing for the appropriate statistical assumptions using SAS (SAS Institute Inc., Cary, N.C.) for each significant factor.
Results
There was no significant difference in gill Na + ,K + -ATPase levels (t test, p = 0.55) between stream-reared smolts captured in the Farmington and Connecticut rivers, suggesting that these fish were at similar smolt and migratory stages. As a result, data for all stream-reared smolts were pooled and comparisons presented are between parr, stream-reared smolts, and hatchery-reared smolts at three time periods. At all sampling times, hatchery smolts were always longer and heavier than stream-reared smolts and all smolts were larger than parr (p = 0.001). Parr and stream-reared smolts were significantly longer (ANOVA, p = 0.001) in May (note: data from June sampling are included in this group) than in March (Fig. 1a) , whereas hatchery smolts were not significantly longer at the end of the study. There was no significant increase in weight over the course of the study within any of the groups when all groups were analyzed together (p = 0.11) (Fig. 1c) . Parr were significantly larger in May when ANOVA was performed on parr data alone (p = 0.001). Condition factor differed between the groups and over time (p = 0.001); condition factor of parr increased over the course of the study, while smolts had decreased condition factor in May (Fig. 1b) .
Gill
Gill Na stream-and hatchery-reared smolts showed significantly elevated Na + ,K + -ATPase activity, with stream-reared smolts showing the greatest elevation (3.5-fold) over earlier levels (Fig. 2) . There was no change in gill Na + ,K + -ATPase of parr in May. Na + ,K + -ATPase was not significantly affected by fish length. During May, all groups were significantly different from one another, with Na + ,K + -ATPase of hatchery-and stream-reared smolts being 3.2-fold and 4.3-fold higher, respectively, than that of parr.
Metabolic enzymes
The overall MANOVA showed significant effects of fish stages (p < 0.001), sampling date (p < 0.001), and the interaction between these factors (p < 0.001) on combined metabolic activity (all enzymes in all tissues). We will further describe these results in more detail, incorporating results of tissue-and enzyme-specific ANOVA. There was no affect of length on any of the following parameters as adjudged by ANOVA with length as a covariate.
Heart
CSI remained constant in parr but increased significantly in smolts in May (Fig. 3a) . CSI in May was significantly different in all groups and was elevated by 37 and 69% for hatchery-and stream-reared smolts, respectively, over parr values.
Heart CS increased in activity over the course of the study in all groups by approximately 23% (MANOVA, p < 0.001), and there was a marginally significant difference between the groups (p = 0.052) (Fig. 3c) . There was a significant interaction (ANOVA, p = 0.03) between sampling time and group, which was a result of a slightly lower CS activity in hatchery smolts in May.
Heart HOAD differed between the groups of juvenile salmon (MANOVA, p = 0.009), but did not differ between sampling times (p = 0.39) (Fig. 3d) .
Heart LDH did not change significantly during the study (MANOVA, p = 0.44), nor did the three groups vary significantly (p = 0.86). There was a significant interaction between group and sampling date (p = 0.003) resulting from a tendency for stream-reared smolts to have decreased activity in April, while hatchery smolts tended to have slightly higher activity (Table 1) .
Heart PFK differed significantly with sampling time (MANOVA, p = 0.03) and there was a significant interaction between time and group (ANOVA, p = 0.001), although MANOVA showed no significant difference between juvenile groups (p = 0.77). In March, heart PFK of hatchery smolts was elevated over that of both parr and stream-reared smolts (Fig. 3b) . In April, hatchery smolt heart PFK did not significantly differ from that of the other groups. In May, PFK levels of both parr and stream-reared smolts were elevated over initial levels and were significantly higher than those of hatchery smolts.
Liver
HSI differed significantly (ANOVA, p = 0.0001) (Fig. 4a ) between the groups of juvenile salmon, and although there was no significant difference between sampling times (p = 0.41), there was a significant interaction between group and sampling time (p < 0.01). On average, hatchery smolt HSI was 35% higher than that of parr, while there was no difference between parr and stream-reared smolts. The interaction is an indication of a tendency for hatchery smolts to have a slightly elevated HSI in the early sampling times, while streamreared smolts and parr tended to increase HSI slightly over time.
Liver CS differed significantly between groups (MANOVA, p < 0.001) and sampling times (p < 0.001). Stream-reared smolts had consistently higher liver CS activities (~13% higher than parr) than the other groups (Fig. 4c ). All three groups had increased liver CS activity over the course of the study (~42%).
Similar to liver CS, liver HOAD showed a pattern of increased activity with time (~60%; p < 0.001) (Fig. 4d) . Stream-reared smolts had a significantly higher enzyme activity level (18% higher than parr) than the other two groups (p = 0.001).
Liver LDH (Fig. 4b ) differed significantly with sampling date (MANOVA, p < 0.001) and juvenile group (p < 0.001), and there was a significant interaction between sampling date and group (ANOVA, p = 0.001). Liver LDH activity of hatchery-and stream-reared smolts decreased progressively from March to May. Liver LDH activity of parr decreased from March to April, but then increased in May and was almost double that of smolts in May.
Liver PFK did not differ significantly with sampling date (MANOVA, p = 0.52) or juvenile salmon group (p = 0.88) ( Table 1 ). There was a slight, but significant, interaction between sampling date and group (ANOVA, p = 0.02).
White muscle
White muscle CS differed significantly between groups (MANOVA, p < 0.001) and sampling dates (p = 0.01), and there was a significant interaction between sampling date and group (ANOVA, p = 0.03). There was no significant difference in white muscle CS activity in hatchery smolts over the course of the study (Fig. 5b) . In contrast, both parr and stream-reared smolts had elevated white muscle CS early in the study followed by lower levels in May. Parr showed the greatest decrease in activity (-43%) between April and May.
White muscle HOAD did not change significantly during the study (MANOVA, p = 0.31) (Table 1) , nor were the juvenile salmon groups significantly different (p = 0.56).
White muscle LDH significantly differed between sampling dates (MANOVA, p < 0.001) and groups (p < 0.001), and there was a significant interaction between sampling date and group (ANOVA, p = 0.001). LDH activity in hatchery smolts was significantly higher (p = 0.001) in April than in March or May (Fig. 5c) . Both parr and stream-reared smolts had low LDH activity in March and April but had significantly higher LDH activities in May (85 and 56% increases, respectively; p = 0.001).
White muscle PFK differed significantly between sampling dates (MANOVA, p = 0.001) and juvenile groups (p < 0.001), and there was a significant interaction between sampling date and group (ANOVA, p < 0.001). Parr white muscle PFK did not change significantly over the course of the study when analyzed using ANOVA that included smolt data; however, when the parr were analyzed separately from the smolts, there was a significant increase in activity in May over earlier levels (p = 0.001) (Fig. 5a ). Both groups of smolts showed increased white muscle PFK during the study; hatchery-reared smolt white muscle PFK was highest in April (2.7-fold increase), while stream-reared smolt PFK was highest in May (3.6-fold increase).
Discussion
The large increases in gill Na + ,K + -ATPase activity and decreases in condition factor in hatchery-and stream-reared smolts indicate that these fish, which were selected as putative smolts based on their size and appearance, were indeed smolting in the spring. Smolts captured in May-June were active migrants, which further supports their classification as smolt-stage juveniles. Increased gill Na + ,K + -ATPase activity is frequently used as an indicator of smolting in salmonids and results from the increased number of mitochondrial-rich cells in the gills that function to increase salinity tolerance in fish (Hoar 1988; Uchida et al. 1996) . In contrast with smolts, there were no significant increases in gill Na + ,K + -ATPase activity in wild-reared parr captured between March and May, while condition factor increased in parr during spring as expected with increasing food availability.
Seasonal effects
In addition to the characteristic increase in gill Na + , K + -ATPase activity, a number of other enzymes changed in activity level over the course of the study. While we refer here to these as seasonally affected parameters, it should be noted that they are actually being affected by a variety of seasonlinked factors, likely including temperature, photoperiod, and food availability. Heart and liver CS increased in all three juvenile salmon groups throughout the spring. This suggests an overall increase in metabolic respiratory capacity in the two tissues, probably a reflection of increased mitochondrial volume (Blake et al. 1984; Moyes 1996) . Liver HOAD also increased in all three groups over the course of the study; however, there were no changes in this enzyme in the other tissues examined. This suggests an increased capacity to mobilize fatty acids (elevated lipolysis) in the liver, as has been demonstrated for coho salmon smolts (Sheridan et al. 1985) . Liver LDH activity decreased in all three groups, particularly smolts, over the course of the study, suggesting a decreased reliance on lactate-pyruvate conversion as spring progresses. Liver LDH has been shown to decrease during smolting and has been implicated in low concentrations of blood glucose and liver glycogen via decreased gluconeogenesis (Plisetskaya et al. 1994; Ji et al. 1996) . CSI increased in smolts over the course of the study, while parr CSI remained unchanged. This is in accord with Poupa et al. (1974) who found that heart growth is accelerated (relative to whole-body growth) during salmon smolting. During this phase, the cardiac compact shell rapidly increases in mass, while the spongy cardiac tissue growth rate remains unchanged relative to parr and ocean-stage salmon growth rates. It may be that the increased heart mass of smolts is necessary for the cardiac output demands of the constantly swimming, schooling life history that is characteristic of salmonids at sea.
Influence of hatchery rearing
In several of the parameters measured, we found significant differences between smolts reared in the hatchery and those that underwent smolting in the wild. Both liver CS and HOAD activities were higher in stream-reared smolts than in hatchery-reared smolts. However, these lower enzyme activities in hatchery-reared smolts may be offset by their larger livers (higher HSI than in stream-reared smolts). Sheridan et al. (1985) suggested that the increased lipolysis occurring in smolts is a response to the metabolic demands of smolting exceeding food input. If this is the case, then the elevated levels of lipolysis suggested by our data for stream-reared smolts may reflect the difference in food availability between stream-and hatchery-reared smolts with subsequent biochemical, and perhaps behavioral, consequences that may occur when hatchery smolts are released into the wild (as in our May samples).
Hatchery-and stream-reared smolts showed reversed patterns of heart PFK activity. In hatchery smolts, heart PFK was highest in March, while in stream-reared smolts (and parr), the enzyme activity was low early in the spring and was highest in May. The common pattern between parr and stream-reared smolts suggests that the increasing heart PFK activity may be influenced more by natural-stream rearing than by life history stage.
Heart HOAD and mass also differed between the two smolt groups. CSI in stream-reared smolts was consistently higher than in hatchery-reared smolts. Exercise has been shown to influence heart size in some species (Farrell et al. 1991), and it is possible that the differences that we observed were a function of the greater activity regime that is probable for stream-reared fish. However, it should be noted that increased heart weight with exercise is not a consistent phenomenon in fishes (Davison 1997) , and the potential impact of exercise on heart weight in juvenile Atlantic salmon should be investigated. The difference observed in the present study may have developed soon after release into the wild as fry and been maintained thereafter. Additionally, the increasing heart size (CSI) of smolts has the effect of exaggerating the PFK elevation in wild-reared smolts, if these data are considered on a whole-organ basis, further emphasizing the differences between wild-and hatchery-reared smolts.
The patterns of PFK and LDH activities in white muscle, which differ in the two smolt groups, suggest a temporal shift in smolt enzyme regulation. In both white muscle PFK and white muscle LDH, there is a peak in hatchery smolt activity in April, followed by a decline in May. In streamreared smolts the elevation in activity occurs in May. In the case of white muscle LDH, despite the early elevation of activity in hatchery smolts, the increase in activity may be a seasonal response common to all groups, since parr also show an elevation of activity in May. This again suggests that the wild-rearing habitat differs from that of the hatchery in its effect on metabolic parameters. In the case of white muscle PFK, however, the elevation in enzyme activity also appears to be related to life stage. Parr show an increase in white muscle PFK during May, but it is not as great as that seen in the smolt groups, and the level of activity in parr is much lower than in the smolts. It may be that the peak in white muscle PFK is related to the cortisol peak that is characteristic of the parr-smolt transformation (Hoar 1988; Shrimpton et al. 1994b) . Cortisol is involved in stimulating or maintaining increased plasma glucose in response to stress. Atlantic salmon smolts exhibit higher plasma cortisol and glucose than parr when given an identical handling stress (Carey and McCormick 1998) . PFK is a key enzyme in glycolysis and its elevation may indicate an upregulation of the glycolytic pathway in order to facilitate glucose utilization and homeostasis during smolting. Shrimpton et al. (1994b) found a temporal displacement between the cortisol concentration peaks in hatchery-and wild-reared Atlantic salmon smolts similar to that found in our study for white muscle PFK. McCormick and Bjornsson (1994) found higher levels of plasma cortisol in migrating stream-reared smolts than in smolts reared and kept in a hatchery. It is possible that the increased white muscle PFK of smolts is part of an adaptation for increased burst swimming ability that evolved due to increased mortality from swimming predators during downstream migration and in the ocean.
In conclusion, our data suggest that, although they undergo some of the same metabolic changes as stream-reared smolts, Atlantic salmon smolts produced in hatcheries respond to a different degree, in a temporally different manner, or show an altered pattern of metabolic change compared with fish reared in the wild. While the implications for long- term survival and reproductive success are unclear, our findings suggest that smolts reared in hatcheries differ substantially in their physiology from smolts reared in the wild. If some or all of these metabolic changes are indeed adaptive, perhaps observable in the differing body form or swimming capacities of parr and smolts, then altered metabolic patterns occurring under hatchery conditions may be involved with reduced survival or return rates of hatchery-reared fish. More investigation of the physiological effects of hatchery rearing on fitness is warranted. White muscle PFK and CSI exhibited differences as a function of both smolting and environment and may be especially useful for further examination of the impact of rearing and release on smolt development and survival. Fig. 5 . White muscle (a) PFK activity, (b) CS activity, and (c) LDH activity of Atlantic salmon parr (᭹), stream-reared smolts (᭺), and hatchery-reared smolts (᭢) sampled during March, April, and May-June 1994 in the Connecticut River watershed. Data are means ± SE. A single asterisk indicates a significant difference from parr activity at a given sampling time, a double asterisk indicates a significant difference from the other two juvenile salmon groups at a given sampling time, and "a" indicates a significant difference between smolt groups, neither of which is different from parr, at a given sampling time. Statistics indicate ANOVA and post hoc testing with a = 0.05.
